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ABSTRACT 

PROBLEM TO BE SOLVED: To suppress the occurrence of waveform distortion by 
eliminating the possibility of the induction of a nonlinear phenomenon even 
when the multiplexing number of wavelengths increases by adjusting the 
effective core diameter of an Er—doped optical fiber to a specific value or 
larger and constituting an optical fiber amplifier so that the zero 
dispersion wavelength may become a wavelength on the outside of a specific 
wavelength band. 

SOLUTION: In an Er—doped optical fiber which is used for constituting an 
Er-doped optical fiber amplifier for wavelength multiplex transmission, 
seven cores (having refractive indexes of n(sub w)) 10 to which both Er and 
Al are added are formed in a clad 8 and an intermediate layer (having a 
refractive index N(sub 0) 9 is provided on the outer periphery of each 
core 10. Each core has a diameter D and the interval between each core is 
S. Figure (b) shows the refractive index distribution in the optical fiber. 
The relative refractive-index difference between each core 10 and clad 
(having a refractive index n(sub s)) 8 (or the intermediate layer 9) is 
expressed as .delta.n. Then the effective core diameter of the optical 
fiber at 1.55.mu.m is adjusted to >=9.mu.m and the zero dispersion 
wavelength is adjusted to a wavelength longer than 1.53-1. 56.mu.m by 
appropriately setting the values of the .delta.n, D, and S. 
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^jta^t^-t'ta. 

[0 0 2 2] WJ:©Aa^> *JSiJ]©«ft#ffl(SjSfflE 
r»»nJt7r>f ^iUWStt, ttftl. 5 5/imlc^l7a 

* S!j 3 7 rr iSi D G> 5R 4* * JSlJ 3 T g A ! 9 m y, J : X\ 
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fro, -tf vft\ft.W-Ri) % 1 5 3 /zm«fc 5 •Miit>ift.l*fr, 

i . 5 6 # m «t o & s^m^t & & ct o nyty y < 
m s wse 1- 5 - t «t •? , l'i LummvAim, mmm 

gEWaai t «t &{g 9*'** h ;i/©M;fr *> > <t aw 

ff5'J5ib&WJ:1-S^ kfrT-£, fro, PJ^WJi^ft J:S 

3>umfr';>, l . 5 6 /imCDiftfi^lfJSS-efS^JtS 8i&, 1 
6$, 3 • • ©<fc?K^mfo$bT4j^ft^ft© 

m*jft*izii mtetmtii$Lx-m%L, fro, -tn-en© 

[0 0 2 3 ] 

[»»n©3&5lfi©JfcJ»] HI (a) tt*JEW]<D«ft£flH2 

jmi e r jfiAnyfi7 r -t ^WflBftyisys e r»/my67 

r -f M©tt?BJi&/Ts1". c©E ri^l]) 1 ^ W /sfct, 4>7 
•y K 8 l*J&C E r t A 1 ©AfiSAn;* ft it 7 fl©3 7 (JTElil'r 

(Iflrr^n, ) 9 frBWiftT^S. &3J 71 0 ©iffiS 
ttDT-fc 1 ?, §37 1 0©WIPI5HiS Ell (a) 

©wjs£t*jiit, en i (b) tiifi i omir&vBmcoiam 

&<OM\i £ b, * v -y K (Hl-Tr?*' n „ ) 8diSiO 
,frJT|V><3ft, i]JflfIJS9tc4»S i 0, frjin^ift, &3J 
7' 1 OKfctE rfcA 1 © if/Hi £ ft fcS i 0, -GeO 
, fciJ^XWrn^ibiiZ. ft3 7 1 0 £i? =7 y Y 8 (& 
S^fct'TOli 9 ) 4:©Jfcfa*r#l6ttA nf^fitu 

i>. c©flsj5jjt*jvfr. An, D2£vs©iK*fflratag; 

$tSCtCi»)« 1. 5 5AimtJilt5fi»P7l* 
9 u milt tU -b* d #KMMI£ 1 . 5 3 ^ m~ 1 . 5 
6//mW^©ili^tC UTVS. ^©ftWJkbt, PJA 
«. D = 1 . 8 8 urn, S=l; 2 4,um, An=l. 
5%lCs$S1Si:, <f*3 7gl4 9. 8 8/zm, -IfDfl- 

1 4 1 5 nmT-*?.c *fc, D = 2. 3 bp. 
m, S=l. 5 5/im, An=l. 5 %£i&£-f 3 
ff#J3J7f£(2 9 . 2 7/im, -tfo#««Jl8: 1 4 5 5 n 

l 2 Ell (a) ©tfM^ii^Ts El 1 

(c) \$®2<n'&mo)i\m<»mftmmt-7rs\;s 

K (BUTr * n , ) 8 IZ tt 7 -v # 9 5 <y K rtflJl lc |n| A 1 
T m)m ?ixfcSiO ? */ 5- * £ /fit, \ r l 1 RSIJH 9 (C fct 7 y 
SSSri^/HIUfc S i 0 ? ^37 1 0 &C&E r t A 

l©Jt«SJll]$ftfc S i 0, - GeOj JMi^fc/flV 
h * c £ t? >? 7 •» I" 8 |Aj©JnUfr* frMmJfr & WflBt I"]* 1 
oT0S< « «t 3 fctfttfc &o©{±, F**«J!iU bfcip 
IWJB9"Cfl[Jjftfc, E r i:A l©Jy,^JIl$ftt37 1 0 
£^ft^ftF$£^;jllbfc S i 0, 1l*Jlc}-TiAb> ±Sfl 
F « I- if Au btSiO, titoM-Wi? ibffiim^—l-t i 

ftfc, S»j3 7n5ife>:*<»-3fc.Wffit, fro, illitfffl 
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iki'bZ <1-5^:i:A s ■t•tl)^:v^^^a^fcS. »37 
1 0 t J> 7 y H 8 fc©JtBUTr1»SIB: A nlTfcD, JR^ 
fJUJoD^ -7 v K 8 fctTi|H|JH 9 kOtbfiWf^iltt A n 2 T'fe 
5 , ^3 7 1 0 k r|.i|li)l 9 k©JtBirr*IStt A n 3 T? 
So C:©W)5Jt,^C*5V^T^ Anl~An3, D-tii^S© 
lBSaWt«B£1-a^i:tJ;»), 1. 5 5 ,u intuit 3 
^I»;3 7ffi*9/zmW±tU -Bn^flkiftjjtt* 1.53 
>um~l. 5 6>umfcW©i&JafcbT^5. ZtoRfoW 
tLX, miUZ, D=l. 3//m, S=l. 3 8/imt 
10 t5k, *»37fili9. 6^m, fD«Ittl4 
95nmT-$>S. D=l. 2,um, S=l. 25 

/zmkl-Si:, mWimiO. 2jum, Hfo^llk* 
ftttl 4 7 0nmT?ftS. cne>ois*tt, TWBlW&tf 

If! ❖ © lH®ti^» * 5 ti^tiV^l/fetiOffeS. fee 
bs V^1*ft©ffi^rt ^ 7 y K 8 ©^fiii 1 2 5 jj. mXfr 
So dft?>©E rr^jn^67T'fM?;ia8©? l fi7T'i'>'^ 

K*8«K»iI&ftTe«b, lB*«t?lB*iJWC, 
v>«tS^i ( 1 5 3 0~ 1 5 6 0 nm) l:bfcoTIJIS-T' 
20 U3ft*Hi»ffi&e,ft&. ,^J3 7f^tf 9^jnllh-r 

tb&<DX\ E r y^^n^ 7 T -f /^lAltc 8f-t> ;bl-^±© 

£ £ S«»iBftOgBiE&W»E1~S C § S. g " 

"fc. % □^•{iicVjcftfe^ ft 1 • 5 3 um~ 1 ■ 5 6 um\>X 
}v<D%LmzWLfe£i\X ^2><DX\ P3fti&m-£;lz ct 5-TfjE 
M^©WJll^WlHI1-S^k^T'#So -ilftWtc, 85--^ 
> * ;i/© <t ^ H , ^ ^ +■ > * ;i/©^S^ IB * ft tc 

S(S^Sr#fj£* ! ^b, tfitS^fttfJf9* s ^!T!/j1-?>A 5 . * 
30 JBWO*iK©JBJBTfttx *37l OrtCfa^tf^E* 
ftttE^^ftS ^ >^ic «t s ll^fS 

T* S S o 

[ 0 0 2 4 ] 0 2 ( a ) I**ftqij0tt J&fltls&ffl E r 
»JD3te7 t W -'^etBS^^I-a E r i,i;jD^7 r 'f ^© 
{Ul©-t»J5££^1-o C©E rjayo^r-iVSliE rtAl 
©^^jn$ftfeSiO s -GeO, &Jj7Xfr<'ptjiZ>m 
SD©HI1©3 7 (HrT^n„ ) 1 1S#U *©4WB 
ftaKOtfiaUB (H*"r*ni ) 9at-S5. COflBIJi 

40 9 a©ittST$iD, -t©^£ E r t A 1 ^t«SAll$ft 
feSiO, -Ge 03&#7;*i>e>ftS*fflW©$R2©:3 
7 (Jffl*fs|Sn.') 1 2-P81VV *0»2037 1 2©^ 
JSJ t , ffl S ©JB 2 © * IlllJi (H«t* n , ) 9 b 4 R W\ 
*©JB 2 <DW$m 9 b ©^JSJt i7 ^ v Y (JBJJr* nc ) 
8£»W-T^S. 0 2 (a) ©flSl*C*5V^T, El 2 
(b) tt, »3©Di«B©^«©H*f*^ft7-n1-. 
TsB 1 £ 2 ©rplfflH 9 afc* V 9 b tt S i 0 , 
7^T"$>t3> An&l. 5%, S£0. 5/zm~l. 3 
jum s DkW£2. 4AtmWTtlHS£1 _ &. Sfc, 0 2 

50 (c) tt»4ffl&ifc©JBffi©Hrr##ffift"5*-J-. ^-"C 
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8S 1 43 «t Vtfi 2 © rf.|S]i^ 9 a 43 J: 9 b B 7 y 5£ & if JJII 
b£S i 0, -/J^T'fc !?, An 1 § 1 . 5%, An 2 
& 0 . 7%, DfcWfc2. 4//mWT, JFSKIi, 
1 . 2/x m W K K 1" 4 . d © E r ^jll ft 7 r -f M £ 
BI8©)fc7T YMJjJtHSKJII^fcJWftfcBI 1 OE rttMll 

^fciftfi-yfittai i ©37 1 1 tm z(D-37 1 2rtt»m 

3TixTfcjJ51-&. ^©^©jrjE^BJfi 1 ©3 7' 1 1 © 
iJli/S D t , m 2 C!) 3 7 1 2 ©«|W fe, 37 IKUffl S t «i 
*h. ZOmUSte&iT, WL&l . 5 5//mtfe(t5:fi 10 
»J3 7 'il * 9 /i mJJl.LK U H?o *>|K«J14 1 . 5 3 >u 
m~ 1 . 5 6>umco*5BB^iOift-Rtc b, 3 7' 1 1 

£3712 \^0M%^%&&miy)&K0)frm<D&--£i^% 

[ 0 0 2 5 ] @ 3 ( a ) tt*«iyj©«J&£ffi{2j8Jll E r 

fBlOfllliRftwU SI 2 (a) fcH— ©«j«4:&-*-.5#, 
. Rl 3 ( b ) ( c ) caw 5 J; VJB 6 © &JIE©JI2!B t bT 
©Jutf/H'-fl^B:, HI 2 (b) (c) ©JjlMr^WPtHSfc 
-;>T^*>. SI 3 (b) 43 J: V (c) ic43UT, ErtA 20 
lommmZi\1t%i 1 OUT 1 lCHWn. &S&2© 
27 1 2©Jffl*?J*Sn r .fc t) *»tor*»tffi< U MS 1 ©3 
7' 1 1 i:M2037l 2rtfee»1-4ffi9jfc*J:Vjaje 
>fc©;W£-'(Jti'iiJ^{CLTt''2>. J-tllJr^An, A 
n ' , Anl, Anl' , An2, An3 \&^n<<D'M *) 
T*>S. CillCfcoT, lt*?S2©37l 

MS l©r?7' 1 l©-ff£Sfi<®lS3ixTteltt-*-;&©&W* 
5. Sfl 1 ©37 1 1 t$2ffl37 1 2t*Ozm^%tFiJy& 

[0 0 2 6 ] 14 ( a ) tt*»ira©*ft*fifiaSffl E r 

js;jnjt7 t -r ^ifitsgg&^t a e rmnft? r-i m© 

fb©WJ**vU. BI2 (a) is* VEI 3 (a) tin]-© 
MSftl.^ RI4 (b) (c) B, ffifiBUfcgtSfli© 
BIB fflitt 1 S SB 7 43 i V* 8 ©£flE©»J» k LT©Jffl 
*'r*»*fi S'iiltl^, C ©SU/r^fl-nr 4JBfiKr* ttra 
flr^-An, An' A n I ~A n 4 {±H;p©jffi t)t#j5. 
^WfnJTr-*-»fliti :>T> 1 ©3 7 (Jffl*T*n- ) 1 40 
lt»2©37 (nHTr*n. ) 1'2 fefilfirSfaSJfeis 

t ty c ©ie>t©^9&ii(i^L-< ts^ttf-cta. c© 

JRNrr**}*litt* ^UflJH 9 b ©HUff* n .*£<]« 9 a © 
MWr* n 1 1 «t t) " F IfT $ 2 ©3 7 1 2 ^©fg %3t* J: If 
M^fflbjAto^feiStoT^S. ::4lKJ;-:>T, SB 1 
©TiM lt»2C37l 2'v©{g»f3fc*5«tU t ffljejt© 
/<7©5>S10E&Kt3i--»l;-j -iC Chttfc 

[0 0 2 7 )05 ( a ) tt*J6niJ©»JH£Ill(siSffl E r 50 
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*All3fc7 r -i MJflMHBfcSM&tS E r jRAUJt7 r «< ;*3fe 
7 7^M©f(!j©#M£^U El 2 (a) x 03 (a) -13 
«fcVBI4 (a) tm-(Dm&Zti + ZtiK H5 (b) 

(c) mmbtzmhmimtMm-zmQ&kzm 1 

0©JI?ii©B,'li: UT©JfflW##-Gi*wl/T^.&. d© 
a$i#-ft*P%m&i-ibn, An' , An' ' , An 
1, Anl' , An2*5iU t An3(il2l7rN©iI l 3T-<to 
&. ^©JiHIf^flfipfeiB&ip&Jidt, Kllosy 
(fiJJ)?M«n« ) 1 l^©(Sf*yfi43«fcVII»ie3t©^7©J6 
'I'A^cC %n<D?7l 1 43 i V!fi 2 ©3 7 (JijUJv 

*n, ) 1 2^JS«C^BIS4lS. *©IS«x «5i5 

sg 8 (D^mmmt m . 
[ o. o 2 8 ] la e ( a ) tt*»m©«fi^aeas;n e r 

iMny£7 r-f ^KJ«IIBt3([JB1-5 E rjRAD3t7 7 -Y /^© 
<0l©flSpJi*^1-. ^©E rmh\\%7 7-i MB:, BS'1 J 'i>lc 
Eri:Al©WtSJiri$ixfcS i 0, -GeO, ff^iv^. 
©»1©37 1 1 (iSf^D,, ffl]fr*n. ) 1 16* 
b, ^©^JtE rtA l©^-^j|]$iXT^^l>S i O 
2 -GeO, JSi/7^©Sfl2©37l 1 (ffigD, , ffl 
«i^n, ) 1 ^©fflW7^F (JBlilr^n 

. ) 8 ^SitTTV^?,., IU6 (b) ttJffl*?*#*|j£-7"Bb, 
M51©37 1 1^/77 K8k©Jtarr*iSftAn3, 
ll©371 1 t?B2©37 1 3 fc©ttia*f*!l4 An 
1 , ffS 2 ©3 7 1 3 ^ v v Y 8 kOJtJBHff*!* S A n 
2tT§. An3Sl%WT, A n 2 & 0 . 5 

%WT, D,'/D, SO. 5aT(c8k L 5iirSi:, 
1. 5 5/zmt43lt5^?5((37g*9 > umy.±T-, A>o 
-t?D#f&M&& 1 . 5 3/zmipf,l. 5 6 A£m©ifEI!B^ 
©«MlCl-S^i:A s T-^S. 

[ 0 0 2 9 ] Bl 7 ( a ) tt*ftlH©i&R$fi<s%;g E r 
JfAn^7 7-Y Mi@*Sgg&^-f 5 E r«Mi^7 r-T n<D 
flll©«Ai(,$;pb, 37 1 0©ID^sp^*li*V^'Ciai 

(a) ©flififckH— -Cfc*. 371 OB, *ta7l 0 
a^Hl37l0b*tU E7 (b) , (c) (irp,c 
37 10 a©nrr?Pn„ S^ifjr!7 1 0 b©JB*r*n, 
J:D^*<bfcflllJ«*^bTV^4. fcT> 01 (a) 
©E r\%)\w%7~r4 M©^j*tinAT4 1 't»3 7 1 0 a^x 
©ft ^ it 43 i VJS/JilS^© ^ ^ V © % ^ * WfliiJ b T / ^ V © J$) 

[0 0 3 0] *tz, ID 1 A>6>E|7©E r m^%7 r -i M 
ftffl^T ttfi^fflCiSffl E r?»}'67 7 -f MJ»ffl8Hfe56 
»1-ft«Jj**BI8*#JHUT»iW1-S. H8(c43^T, 
\t>%77-in 1 4 a, HiM7 7-fM 1 4 b, WDM 
*7*7 4 aJ3J:V4 bSflJflif 43fc7 7"f M % H£V. 
%T4 2 a43«tV2 b £#Mt?>>fc7 7-T At 

bT, ttfll. 5 5 < umt£l73W#J37&#9 ( umJ.;t 
±Tfe t), -Bd»MIc*II* j 1 5 6 0 nm<):D tifiitt-ftffl 
C*S^»<>7 h77^ M^fflOi). a<», Er«MjU3fc 
7r-f;Uli@ 1 «t t>H7T*^bfc*>©T'fc2). C©«t 
9 ftWJffi 1 1 & £ , -tf #J3 7f5* s 1'^T 9 ^ m«±CD^ 
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7 r OK *5 «fc VifefiB .a T* ffljft SftT^iifctftSO 

.:fc#T-#S. *fc, ffljfe«MEKJ:*Mro©J£!lftfcJfl» 
if,h5. ffifc, }M5SIHl©J£OlA\ KJMJHifcSflS* 
f S^. t* s T-£ 5. 121 1 *>5>EI7©E r*3&ill}te7 7 ■i A 

(■->[, 0 0 0 p p mtDffiCHAW* b < , A 1 CDjBUSU: 
1 , 0 0 0 p p mfr f,60, OOOpp m©i)l&PJIrt s ff£ 

&?»<&ffi<±&^. §i^v ra/'WfllHfcWU SiO, -Ge 
0; ZdJvXCDlQilZ, SiO, -GeO, -P, 0 6 & 

#-7*, SiO s "P, Or, ^3!i7^ £tl£>©;#7* 

CO 0 3 1 B8 03tifi«l8gO«?«at*5V^Ts # 

-/^VU-^a, 2 b©nu&SVlif^ £fc&WDM 
^7*7 4 a, 4 b£Dfiu$)2>^«ifS^^MH»77"f 

£ KIH* & t . i 5 ffiffitt©CiSMffi fcfr #T- £ 
a. .)t7 , ^Vl'-^2aCDfti3!3t3»B-T©>l6^ 20 

-*a U — * &JlHvl-.83 3iiii-7-© 1 T3©«fi!T-«fc SfS^ifc 
JA^J?*, 2#§©iK!7-tC7:r-l'M^U--7 : W 

WAbt, c©?*u-7^ ^'/•v*ii?ti(D%i&<z)m-% 

yt*S*r$«T» HMD M S ft V \ 3 # @ © * - h «fc *> 1.B 
ti\ -t©8t E r j8/jn#7 r -T A 1 l*Wl^:ft&A 

btt>.fct>. %7-i 2 bCDttto 

-f ;< 1 T-^£ftfc^h,^ft©iftJI©ff*§#& l#i© 
i«-?k:A*j£-9\ ^©f*2SE©!:B«t±Bt!7r-i'M 30 

yv-f •( >'/&m-yx, c^T-^n^n©ig%>t©^> 

[ 0 0 3 2 ] 

i«nn©«*iR] i?Ji±.«iiwu*:ifi»), *%iwott*^ne 

-£ ffl E r j$ in % 7 r -f n wm gg lc J; 5 i: £IT©M £ 

( 1 ) 1 . 5 5 >umlc&lt<b ftSiinT©?!* 9 /t/m 
Wi-Jc U *>o s -tfD-»B!c«{^* 1.53 txmfrib 1 . 

5 6 //m<;)i||fflW»:li: bfc©T% $Sf-ffi?fc* s 8 40 
ift's 1 3 2 6 4 M • • ■ (D£.olz!®z.X$>-. 

&&©$&$ £ C £ A s & 

( 2 ) j#Js 1 . 5 5^rai: till h WMl 7&Z 9 M mtl 
l-.HU fro, -tfn^lSjftJlS: 1 . 5 3/zmA^l. 5 

6 u.m(rmM!A-(DT&R£ bT *>, a 71*J©<i^ >'C©^7 
©ftfpSriSj-K b£©T\ Jffe&l. 5 3Am*6 1. 5 
6 // m©/is HifciMSl: tJfc -.3 1 t Kfflft|i|»**t!t**W+ 

(3) Er i&hVJtv 7 i * — t> Ufc 50 
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(4) ttj4^m?&A s 8^, 16«l, 3 2«, 6 4i£- • 

• ©.t^tiClx.T&T*). fg^©>'W* J ^r37'^JtC^> 

^^>„ *<Dtzft. KTrm\l%7 7<( /^mV&'&.iJX'r- 
Y^iO &\ 2 0 © tm'i Lt'tiC ©ifUfPf ©II#; & 'l^ £ 

( 5 ) E r v^jn 7 r -T Xfltfflffitffl t> 3 7 r ^ 
ffi (^/•fVU-i', WDM7^M, 5?) N A/JH2/JH 
7 r -Y ^ © ^ »J 3 7 & 9 /z m y. ± t b X V > 2> © X\ 

(6) W±^&»»t«-3*^ *SJl©««t«»T? 

77^ t jflffllK & Mint 5 c 4: * s X $ S . 
[HiniO«l|i«EKiW] 

CHI] ( a ) *^nj?©g? 1 *j «fc VSR 2 OifeMSflD JB!»t 

* it s «M^sie^ffl e r mmyt y 7 mm^?&% mm, 

( b ) m 1 ©SOEeDj&JBt: *3 It % E r ^Jib't 7 7 4 n<b 

( c ) Bfi 2 comi&aMWi c *s it a e r rs^jnyfi 7?-fn© 

CHI 2] (a) *»W©»3*J±V»4©S«6©JB1BC 
*5 It § ttft#B€%ffl E r ^^JD^ 7 W < WH 8 

tsE r^;jii7t7 ^©fl&fiEs^i-fenniEi. 

( b ) ffi 3 ©m©^«8k: H It % E r ftilDtt 7 r -f ^© 

(c) ^4©^SE©JB^K:i3ltaE rS;ja^7T-r/ < :© 

CS3] (a) *:»lH©W5t5J:V«6©SlCIIE©JBI8C 
*5 It a «M0ffif5^ffl E r 7 7^ ;*fllNB8 & l^ffi 
1- a E r mm%y 7<l nomi$.*m-PlfMW. 

( b ) £5 5 ©S0fi©J&JHfc*tt- a E r ^jJI]^7 T -f M© 

•(c) tH 6 ©*|fi©JfcJ»fc*5tt a E r »JlP3fc7 r M© 

CS 4 ] (a) *3Bnj§©$ 7 *$ J; V!B 8 ©2ifl6©J&!BC 
*5 It a ttft^ae^lffl E r r^in^t 7 r -f ^^MHg 
1 5 E r »/ni3t7 r ^ / ^©«JS)l*^tlWifflia. 

( b ) m 7 ©SlJIB©^JBt*Jlt 5 E r »Jj[|&7 r -f M© 

( c ) Ml 8 ©SMfi©^!B t * It a E r flS/m ft 7 y -Y A© 
C Bl 5 ] ( a ) *»IB©» 9 *J J: WJB 1 0 ©5HfilE©^*i 
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< e 



(8) 
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(b) £5 9 oyMIMOMB^ *> ^>Er HSAnjfc? r 4 

(c) SB I Oay-mmm^teli&K rm\rjt7r«{^ 

\me) ( a) ^mwm i i o^WiojuflB t *j » a aa 

J**ffi(2i2/n E r vfjj(.l)fc7 r 4 ; <JflffiI«£S5JlM-5E r 

( b ) SB 1 1 c7)^ai<0JKfS*c fctt 2> E r mwtt 7 7 -i n 

[H 7 ] ( a ) * JBrMCDSB 1 2 *3 J: VJB 1 3 ©!W0M>Jg 
ftBtcftlt 3«i*£ffi£;MI E r «yj|]#7 r 4 ^JfiltffliSS: 
'&mi'Z> E r jffjju^;7 r <f MtfMfM* 7j*1-|8riIfl|glo 

(b) !fl I 2<7):^/iB<yJKHlc*3W -a E r«8;m3t7r^M 
oMVr * SMJ * /T< I' J HI o 

(c) Ml 3©**lfi^JBfc:tJj*ftEriBAU)fe7r>f^ 
co Ml r * U *r ^ 1 * RWl D . 

CIS9 8 ] e***«fcV*«rWCD«ft*ffi{5ifi;ilEriBm 
7 7-f^«MBRfe7T^-|KI!l3ia. 
[ EI 9 ] ( a ) E r mhw^t y~r<irt-& ^twm 
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( b ) m r <<V E r fflnvjt 7r4 ^©Jffl* r*#*|i £ # t?ii 
IWEI. 

[Hi o] (a) vt^(DE rmmy r ^j^^tmm 
mm. 

1 E rSM-^-fM 

10 2 a, 2 b #74 
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1. Introduction Expansion of waveband and 

increase in the number of wavelengths are required 
for the wavelength division multiplex (WDM) 
technology to realize a high-capacity and performance 
photonic network. Considering a low-loss wavelength 
region reaching 200 nm in quartz optical fibers and 
recent progress in a new waveband WDM light 
amplification technology [1/ 2] and propagation 
technology [3], it is possible that an ultrawide 
wavelength region of about 50-200 nm with 1550 nm (at 
which the loss takes a minimum) as a center will be 
used in the future. This report indicates a nonlinear 
optical effect (referred to as an interband nonlinear 
effect) which creates a new problem when such 
ultrawide wavelength region WDM signal light 
propagates in a fiber and shows that bi-directional 
propagation in each band effectively suppresses the 
nonlinear effect. 

2. Interband nonlinear effect 

A study relating to nonlinear, interaction 
between signal lights disposed at a distance of no 
less than 50 nm from each other theoretically showed 
the depression of short- wavel ength signal light 
caused by stimulated Raman scattering (SRS) [4], 
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However, if the utilization of the ultrawide 
wavelength region is considered as a simultaneous 
utilization of a plurality of bands with different 
signs and magnitudes of the fiber dispersion value, 
then the degradation of signal will supposedly be 
caused by the following nonlinear effects occurring 
between the bands . 

[SRS depression] SRS-induced depression becomes a 
light SN degradation of a short-wavelength signal 
light- Moreover, when the walk-off between the bands 
is small, the code pattern dependence becomes 
significant and waveform is degraded. 

[Non-degenerate four -wave mixing ( nd-FWM) ] When two 
bands are located on both sides of a zero-dispersion 
wavelength, the phase matching condition is satisfied 
and nd- FWM is generated even between bands at a 
distance of no more than several tens of nanometers 
from each other, 

[Cross-phase modulation (XPM) ] When two bands are 
located on both sides of a zero-dispersion wavelength 
and the dispersion of each band is large, a signal 
light which underwent interband XPM under a condition 
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of small walk-off has a large dispersion, which 
results in a waveform degradation. 

The above-described characteristics depend only 
on the dispersion value and are generally discussed 
with respect to all fibers with different signs and 
magnitudes of the dispersion value in a signal band 

4. Suppression of degradation by bidirectional 
propagation per band Interband nonlinear 
interaction can be suppressed by propagation in 
mutually opposite directions in two bands with a 
small relative walk-off. This result can be explained 
as follows. Thus, during bidirectional propagation, 
for nd-FWM, the phase matching condition is not 
satisfied, for SRS, pattern-dependent deposition is 
averaged by an extremely large walk-off, and for XPM, 
phase modulations eliminate each other also because 

of walk-off. Symbol {} in Fig 2 represents the results 
of bidirectional propagation conducted to confirm the 
above conclusions. Sensitivity degradation was not 
observed in the entire band. However, even in this 
case, the short- wavel ength signal light undergoes 
losses due to SRS (-0.9 dB/40 (-0.9 dB/40 km at a 
short-wavelength side Chi), degrading the light S/N. 
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5. Conclusion The influence of interband nonlinear 
effect which is a new limitation factor in ultrawide- 
wavelength band WDM propagation was clarified and the 
efficiency of bidirectional propagation per each band 
as a method for suppressing such an effect was 
confirmed . 
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